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Speciation of uranium sorption complexes on montrnorillonite.
;.

C. J. Chisholrn-Brause
D. E. Morris
Isotope and Nuclear Chemistry Division,Los Alamos National Laboratory,
Los Alamos, NM

R. ~ Richard
Dept. of Chemistry, Fort Lewis College, Durango, CO

ABSTRACT: We have investigated the effect of changes in solution speciation on the
nature of uranyl sorption complexes on m~ntmorillonite ~t different surface coverages
(342 to 13042 ppm). Aqueous U(VI) solutions between pH 3 to 7 were batch~quilibrated
with montmorillonite for several days; specific ~H values were selected such that the
solutions consisted of dominantly monomeric, ohgomeric, or a mix of monomeric and
oligomeric aqueous uranyl species. Emission spectroscopy was used to investigate the
nature of U(VI) sorbed to montmorillonitc. Several surface cmoplexes have been
identified. The distribution of these comr!exes changes markedly as a function of ssurface
cover~ge at moderate uranyl loadings (8230 to 13042 p m), but a single species dominates

!at lower coverages (342 to 476 ppm). A distinct set o sorption species form over a wide
range of pH values at low to moderate covers es. Furthermore, there are only subtle
differences in the ntitwe of sorption complex~ !orrned at different pH values but similar
covertiges despite markedly different uran~l s~..ciation in solution. These results suggest
that the speciation of the solution has mmim d influence on the nature of the sorption.
complex tinder these experimental conditions.

1. INTRODUCTION

Environmental contaminant releases that
contain uranium are among the most
serious problems that must be confronted
by rcstor~tion programs. To facilitate
restoration, information concerning the
spcciution of uranium is needed. Under
oxidizing conditions, dissolved uranium is
prcdomiwmlly in tlw U(VI) (uranyl) form
and is quite mobile in the environment,
however sorption onto soils may retard its
movement, In this study, wc have
investigiitcd the effect of changes in
solution spcciution on the nature of uranyl
sorption complexes on montmorillonite, a
corrlmonsoil constituent,

2. 13Xl)1il{lMEN’1’AL

‘1’hcrcfcrcncc clay SAZ-1 from Cheto,
Arizoni~,was obtained from the University

of Missouri Source Clay Repository. This
is a relatively ure, readily ex andable,

i 8high cation exc ange capacity ( EC -1,2
meq/g) montmorillonite with Ca2+ as the
dominant interlayer cation (VanOlphen
and Fripiat, 1979). Uranyl solutions were
prepared from recrystallized
U02(N03)2”6HZ0 using distilled,
deionized water.

Sorption experiments were performed in
polyethylene tubes. SAZ-1 was mixed with
an aciihc solution for 36 to 48 hours in a
series of individual tubes to fully hydrate
the clay. U022 + was added to the
suspensions and pH adjusted to a range of
values by adding varying amounts of
Ca(C)H)2. Final solids concentration was
20g clay/ L solution and total uranium
concentration was 0,04 or 1.1 mM. The
suspension was then mixed end-over-end
for -36 hours, Final pi-Iof the supematant
was measured following centrifugation for
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Figure 1. pH dependenccof uranyl uptake onto
SAZ-1 from two different initial solution
concentrations. At 100% uptakcof 0.04rnM and
1.1 mM, thesurface covcragcis472 and 13090
ppm, respectively. Thesoluhility of ’’UO2(OH)2°
was exceeckxt for the 1.1rnM system above pH ~ 5.

= 10 to 20 minutes. Aliquots of the
supernatant were removed for
spectrophotometric determination of the
uranium concentration using a modified
Arsenazo-111method. The uranyl-loaded
clays were allowed to air-dry prior to
collection of luminescence data; the clay
samples were then sealed in glass capillary
tubes.

Lumincsccncc spectra were obtained on
a SPEX Indus[riei Model 1403 scannin
double monochrornator equipped witK
1800 gr/mm holqya hic gratings, an R~

1’C3 1034 photornultip ier tube, and Stanford
Research Model SR400 photon counting
electronics. The 364 or 351 run Iinc from
a !3pwxrtiPhysics Model 2045 continuous
wave argon ion laser was ustd for
excitation. Emitted light was collected
using 180° Imckscattcring geometry.

3. RESUL:I’S

I&sults of tile batch experiments are
prescll[cd in Figure 1, AGexpected, the
uranyl uptitkc curve (plotted as percent
uptake versus p]I) shifts to higher pH with
higher totill ur:mium concentration. The
slope of the uptake cuwcs a]v different for

Figure 2. Luminesencc spectra for low
concentration samples using 364 nm excitation.
The spectra (bottom to top) are for samples at pH =
3.47, ‘4.56, and 5.74. -

the different uranyl concentrations, which
implies that different sorption processes
may be involved under these conditions.
Above pH ~ 5 for the 1.lmM uranyl
solution concentration samples, the
volubility of “UOZIOH)Z” was exceeded
(based on thermodynamic calculations) and
a lemon-yellow precipitate formed,

The luminescence spectra for aqueous
U(W) sorbed on SAZ-1 are characterized
by prominent vibronic structure in the
emission band (Figures 2 to 6). The
luminescence s ectrum for UOZZ+sorbed

8from 0,04mM (VI) solution (resulting in
coverages of 342 to 476 ppm) consists of a
single dominant vibronic progression at all
pH vah~cs (Figure 2). This similarity
persists over the entire pH range studied
despite the widely varying solution
speciation; based on thermodynamic
calculations (Tripathi, 1984), the fully
aquated monomeric UO#+ solution s~cies
com rises 299 % of all uranyl species for

Ia 0. 4mM uranyl solution at pH = 3.48,
whereas oligomeric srpeciesccmsitute M88
% of the uranyl species at pI 1= 5.74. Thus
[he luminescence data suggest that at low
surface covcrages ($ 476 ppm), the nature
of the sorption com@ex(es) is not affected
by the solution specmtion. Note, however,
that cxcitmion by 364 nm vs. 351 nm laser
light yields slightly different luminescence
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Figure 3. Comparison of the luminescence ~
spectrum of umnyl sorbed to mmmorillonite at 476
ppm using 364 (lower) and 351 (upper) nm
excitation.

spectra for uranyl at these low coverages
(Figure 3), indicating that there are at least ~
two distinct uranyl sorption species on the
clay at these coverages (342 to 476 ppm).

The spectra for uranyl sorbed from
more concentrated solution (1.1 mM) show
marked variation as a function of
equilibrium pH ~nd uranyl coverage
(Figure 4). As the pH and surface
coverage increases for these samples (from
pH = 3.48 to 5,78, corresponding to
covera,gcs of 8230 to 12804 ppm), the
features in the luminescence spectra
become broader and less distinct (Figu “e
4). The spectrum of the highest pH sample
(pH = 5.78) resembles that of fresh~
precipitated “UOZ(OH)2”,as expected: the
overall amplitude is low despite the high
uranyl concentration, and the spectrum is
gcncrtilly featureless. However, the
broadc:~ing of the features in the spectra
for uranyl sorbed at lower pH is not due lo
the prcscncc of the precipitate; these bands
can bc dcumvolvcd into two or more
distinct spectra, one of which likely
corrcspcmds to the composite spectrum
seen for urmium sorbed at low coverage
(342 to 476 ppm), tmd others with
different vibronic spacings. The rescnce

fof multiple spccics is supporte by the
excitation wavelength dependence of the
luminescence spectra (Figure 5).
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Figure 4. Luminescence data for uranium sorbed
on clay from l.lmkl solutions using 364 nm
excitation. The speetra (bottom to top) nrc for
samples at pH = 3.48, 4.01, 4.39, 5.78, and 4.88.
The overall emission inttnsity increases concomitant
with increasing surfacecoverage, except for the
highest coverage sample (pH = 5.78), which
consists predominantly of a “U02(OH)2”
precipitate,

The formation of multiple sorption
species at moderate coverages ( = 8000 to
13000 ppm) could be the rewit of changes
in pH or surface coverage, or both. Tlc
luminescence spectra for uranyl sorbed on
cla at = 11000 to 13000 ppm but at

rdif erent pi-l values are slightly different
(Figure 6), which suggests that equilibrium
pH may” influence the distribution of
sorbed uranyl species. Variations in pH
affect both the solution speciation and the
nature of the sorption sites on clays. Thus
the pH dependence could reflect changes
either in the identity of the sorbing species
or in the distribution and reactivity of
surface sites. However, while the ratio of
the different sorption complcxcs varies as
a f~nction of pH, the set of sorption
complcxcs is the same over this range of
plI; this is true for sorption from o
solution with only munomcric species (~1”1
= 3.48), and from solutions containing
prcdominrtntly oligomcric spccics ( H >

r4,4). Thus, a parently the uranyl so ution
Yspcciation on y minimally influences the

~peciation of the sorption complexes under
these expctimental conditions, The slight
pH dependence seen in the lumincsccncc
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Figure 5. Comparison of the luminescence
spectrum of uranyl sorbed to montmorillonitc at
9227 ppm (pH = 4.39) from excitation wavelengths
of 364 and 351 nm. b

spectra of sorbed uranyl more probably
reflects changes in the nature of the clay
surface sites as a function of pH. This
conclusion is supported by the lack of ~~
dcpenclcnce of the uranyl sorption speclei
formed at low surface coverages, in
contrast to the weak dependence of the
sorption complexes on pH, the spectra of
sorbed uranyl varies markedly as a
function of surface coverage. These
results suggest that multi le uranyl
sorption complexes !orm on
montmorillonite as a function of surface
covcragc. The luminescence data are
~onsistent with previous work which
concluded that the presence of multiple
sorption species reflect sorption of uranyl
to distinct surface sites and not sorption of
M&ent solution species (Morris et @l.,

4. CONCI .lJSIONS

“1’hcw is u mi.wked change in the
distribution of surface complcxus as a
function of surfwx covertigc at nlodcrute
urunyl ldings (8230 to 1078~: ppm);
these dilfcrcnc(!s are not Jllc to f’~mlation
of u ur:il~ylprecipitate but reflect sorption
of Uriillyl to distinct surface sites on
montmorillonitc, In contrast to the large
ef’feetof surfticc coverage, the distribution
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Figure 6. Comparison of the luminescence spectra
for uranyl sorbed to montrrwrillonite at = 11000
ppm (lower) and = 13000 ppm (upper) but
equilibrated at different ~H values (pH ~ 4.9 rind
3.9, resp~ctively). The pH = 3.9 sample was
prepared from a suspension with a higher ~clay
ratio (103 umolea/g) than used in this study (55
umoledg).

of uranyl sorption complexes varies only
slightly as a function solution pH, There is
also little difference in the uran 1sorption

rcomplexes formed from so utions at
different pH’s with markedly different
uranyl speciation at low surface coverages
(342 to 476 p~m). These results suggest
that the speciat]on of the solution has
minimal influence on the nature of the
sorption complex.
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